BILUMINAL ENDOVASCULAR GRAFT SYSTEM 

Field of the Invention 
^ This invention relates to a graft system which is longitudinally extendible and 
radially expandable and to an apparatus and a method for deploying the system across 
an aneurysm. In particular, this invention relates to a biluminal endovascular graft 
system having two legs, the length of which can be adjusted in situ to obtain a correct 
fit for use in excluding an aneurysm. 



' Background of the Invention 

Aortic aneurysms represent a significant medical problem for the general 
population. Aneurysms within the aorta presently affect between two and seven 
percent of the general population and the rate of incidence appears to be increasing. 
This form of vascular disease is characterized by a degradation in the arterial wall in 
which the wall weakens and balloons outward by thinning. If untreated, the aneurysm 
can rupture resulting in death within a short time. 

The traditional treatment for patients with an abdominal aortic anemysm is 
surgical repair. This is an extensive operation involving transperitoneal or 
retroperitoneal dissection of the aorta and replacement of the aneurysm with an 
artificial artery known as a prosthetic graft. This procedure requires exposure of the 
aorta through an abdominal incision extending firom the lower border fi*om the breast 
bone down to the pubic bone. The aorta is clamped both above and below the 
aneiuysm so that the aneurysm can be opened and the prosthetic graft of 
approximately the same size as the aorta is sutured in place. Blood flow is then re- 
established through the prosthetic graft. The operation requires a general anesthesia 
with a breathing tube, extensive intensive care imit monitoring in the immediate post- 
operative period along with blood transfusions and stomach and bladder tubes. All of 
this imposes stress on the cardiovascular system. This is a high-risk surgical 
procedure with well-recognized morbidity and mortality. 

More recently, significantly less invasive clinical approaches to aneurysm 
repair known as endovascular grafting have been proposed. (See, Parodi, J. C, et al. 
"Transfemoral Intraluminal Graft Implantation for Abdominal Aortic Aneurysms," 5 
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Annals of Vascular Surgery, 491 (1991)). Endo vascular grafting involves the 
transluminal placement of a prosthetic arterial graft in the endoluminal position 
(within the limien of the artery). By this method, the graft is attached to the internal 
surface of an arterial wall by means of attachment devices such as balloon expandable 
5 stents, one above the aneurysm and a second below the aneurysm. 

Although endovascular grafting represents a desirable improvement over 
traditional surgical repair, current endovascular graft systems suffer fi-om certain 
deficiencies. For example, current endovascular graft systems do not permit in situ 
adjustment of length. These graft systems must either be custom ordered or many 
10 different sized grafts must be stocked by the physician in order to accommodate the 
varying sizes of differing patient anatomies. However, it is difficult to custom order a 
graft system since a patient's vascular system is three-dimensional and tortuous. 
Therefore, it is difficult for the physician to obtain an accurate measurement, 
j!^ Inventorying many different sizes of graft systems partially solves the problem but is 

m 15 not an acceptable solution because if the wrong size is selected the graft system 

I A cannot be modified during the procedure. Additionally, supplying differing sizes of 

% graft systems creates inventory problems for the physician. 

One method known in the art for overcoming the problem of an incorrectly 
ro sized graft is the use of a separate tubular component to extend a portion of the graft 

'fz 20 system. However, this requires removing the graft delivery system, opening an 

i;3 additional package with an additional tubular component, preparing the tubular 

component for insertion, and reinserting a delivery system to add the tubular 
component. This adds additional steps to the procedure and increases the complexity 
and time required to complete the repair. Additionally, current endovascular graft 
25 systems are not designed to allow a single system to treat a wide range of anatomical 
lengths. 

A fiarther problem associated with current endovascular graft systems is that 
during deployment the graft system temporarily occludes the aorta, generating a 
significant dovraward force. This force makes it difficult to accurately deploy the 
30 upper end of the graft system. Such a system is disclosed in U.S. Patent No. 
5,316,023 issued to Palmaz et al. 
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Thus, a need exists for an improved endovascular graft system which may be 
adjusted in situ to accommodate the varjdng vascular systems of different patients 
without the need to rely on the difScuh and often inaccurate measurements of the 
physician. A need also exists for an endovascular graft system which can be deployed 
5 in a manner which does not occlude the artery, thus enhancing the ability to properly 
place the device. 

Summary of the Livention 
This invention provides a graft system and a method for repairing an aneurysm 
10 in an abdominal aorta. The aorta branches into two iliac arteries. 

In one aspect, this invention is a method for repairing an abdominal aneurysm 
in an aorta which branches into two iliac arteries with a graft system having first and 
3 second legs, each leg having a graft component and an aortic stent attached thereto, 

y comprising: advancing each of the legs through a separate iliac artery; aligning the 

n 15 aortic stents relative to one another in the aorta on one side of the aneurysm, the graft 

fl component of each leg extending into a respective iliac artery across the aneurysm; 

S and deploying the aligned aortic stents in the aorta in a manner that does not 

substantially occlude the aorta. Each leg may fiirther include an iliac stent. The 
0 method then may fiirther comprise deploying an iliac stents in a respective iliac artery. 

'i 20 Each leg may have a first end and a second end and the length between the first and 

3 second ends of at least one of the legs may be adjustable; then the method fiirther 

comprises adjusting the length of at least one of the first and second legs by 
positioning the second end of the leg a desired distance firom the first end. At least 
one of the first and second legs may be provided with a bellows region, and then the 
25 method includes the step of adjusting the length of at least one of the first and second 
legs including expanding or contracting the bellows portion of the leg to thereby 
adjust the length. At least one of the first and second legs also may include a first 
segment and a second segment, the second segment being sized to fit within the first 
segment in a telescoping arrangement; then the step of adjusting fiorther includes 
30 adjusting the relative position of the first and second segments such that the first end 
of the leg is a desired distance from the second. 
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At least one of the first and second legs may include at least one gripping 
stent; then the method further comprises deplojdng at least one gripping stent in the 
bellows region, hi addition, at least one of the first and second legs may include at 
least one support stent; then the method further includes deploying at least one 
5 support stent within the second segment of the leg to maintain the relative position of 
the first and second segments after deployment. The graft system may be provided 
with a bellows region and the step of adjusting the length of the graft system may 
include expanding or contracting the bellows portion to thereby adjust the length. 
In a second aspect, this invention is a method for repairing an abdominal 

10 aneurysm in an aorta which branches into two iliac arteries with a graft system having 
first and second ends, comprising: advancing the graft system through at least one 
iliac artery; positioning the first end of the graft system in the aorta on one side of the 
aneurysm, the second end of the graft system extending across the aneurysm; and 
deploying the first end of the graft system in the aneurysm in a manner that does not 

15 substantially occlude the aorta. The graft system may include an aortic stent attached 
to the first end of the graft system and the step of deploying may include expanding 
the aortic stent radially outwardly to secure the first end of the graft system in the 
aorta. The graft system may further include an iliac stent attached to the second end 
of the graft system; then the method further comprises deploying the iliac stent in the 

20 iliac artery. The length between the first and second ends may adjustable; then the 
method further comprises adjusting the length of the graft system by positioning the 
second end a desired distance firom the first end. The graft system may include a first 
segment and a second segment, the second segment being sized to fit within the first 
segment in a telescoping arrangement; then the step of adjusting further comprises 

25 adjusting the relative position of the first and second segments such that the first end 
of the leg is a desired distance firom the second. 

In a third aspect, this invention is a method for repairing an abdominal 
aneurysm with a graft system having first and second legs, each leg having a graft 
component with first and second ends, the first leg having a first aortic stent, the 

30 second leg having a second aortic stent, the stents capable of expansion fi"om a first 
delivery position to a second deployed position, comprising: advancing the first leg 
through the aorta to a desired location on one side of the aneurysm; deploying the first 
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aortic stent so that it expands to its second deployed position, the first aortic stent 
causing the first end of the graft component to maintain a position on a first side of the 
aorta, the graft component of the first leg extending into a first ihac artery; advancing 
the second leg through the aorta to a desired location adjacent the first leg, the graft 
5 component of the second leg extending into a second iliac artery; and deploying the 
second aortic stent so that it expands to its second deployed position causing the first 
end of the second graft component to be positioned adjacent the first end of the first 
graft component on a second side of the aorta. Each leg fiirther may include an iliac 
stent attached to the second end of the graft component; then the method further 

1 0 comprises deploying the iliac stents in a respective iliac artery. The length between 
the first and second ends of at least one of the legs may be adjustable; then the method 
further comprises adjusting the length of at least one of the first and second legs by 
positioning the second end of the leg a desired distance from the first end. At least 
one of the first and second legs also may be provided with a bellows region; then the 

1 5 step of adjusting the length of at least one of the first and second legs may include 
expanding or contracting the bellows portion of the leg to thereby adjust the length. 
At least one of the first and second legs also may include a first segment and a second 
segment, the second segment being sized to fit within the first segment in a 
telescoping arrangement; then the step of adjusting further comprises adjusting the 

20 relative position of the first and second segments such that the first end of the leg is a 
desired distance fi-om the second. 

In a fourth aspect, this invention is a method for placement of a bilimiinal 
endovascular graft system having two legs in a vessel of a patient's vascular system, 
at least one of the legs being adjustable in length, each leg having first and second 

25 attachment elements and a graft component with first and second ends, comprising: 
providing a single delivery catheter which contains a first leg of the graft system, the 
leg being adjustable in length; advancing the delivery catheter to a desired location in 
the vessel; manipulating the delivery catheter to secure the first end of the graft 
component in the vessel with the first attachment element; manipulating the delivery 

30 catheter to adjust the length of the first leg by positioning the second end of the graft a 
desired distance from the first end; and securing the second end of the graft in the 
vessel with the second attachment element. The first leg may be provided with a 
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bellows region and wherein the step of manipulating the delivery catheter to adjust the 
length of the leg may include expanding or contracting the bellows portion of the leg 
to thereby adjust the length. The first leg may include a first segment and a second 
segment, the second segment being sized to fit within the first segment in a 
5 telescoping arrangement; then the step of manipulating the delivery catheter to adjust 
the length of the first leg further comprises adjusting the relative position of the first 
and second segments such that the first end of the first leg is a desired distance fi-om 
the second. The first leg may include at least one gripping stent, the method fiirther 
comprises deplojdng at least one gripping stent in the bellows region. The first leg 
10 also may include at least one support stent; then the method fiirther includes 

deploying at least one support stent within the second segment of the first leg to 
maintain the relative position of the first and second segments after deployment. 

3 In a fifth aspect, this invention is a method for repair of an abdominal aortic 

PI 

2 aneurysm with a graft system having a graft component defining at least one lumen 

ft 15 adapted to extend fi"om the aorta into at least one iliac artery, the graft component 

n having first and second ends, comprising: providing a single delivery catheter which 

^ contains the graft system; advancing the delivery catheter to a desired location in the 

aorta; manipulating the delivery catheter to secure the first end of the graft component 

— : 

Q on one side of the aneurysm; manipulating the delivery catheter to adjust the length of 

^ 20 the graft component by positioning the second end of the graft component on the other 

□ side of the aneurysm a desired distance from the first end; and securing the second end 

of the graft component in at least one iliac artery. The graft system may include an 
aortic stent and the step of manipulating the delivery catheter to secure the first end of 
the graft component may include expanding the aortic stent radially outwardly to 
25 secure the first end of the graft component in the aorta. The graft system fiirther may 
include an iliac stent, and the step of securing the second end of the graft component 
may fiirther comprise deploying the iliac stent radially outwardly to secure the second 
end of the graft component in the iliac artery. The graft component also may be 
provided with a bellows region and the step of adjusting the length of the graft 
30 component may include expanding or contracting the bellows portion of the graft 

component to thereby adjust the length. The graft component also may include a first 
segment and a second segment, the second segment being sized to fit within the first 
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segment in a telescoping arrangement and the step of adjusting further comprises 
adjusting the relative position of the first and second segments such that the first end 
of the graft component is a desired distance from the second. The graft system may 
include at least one gripping stent; then the method fiirther comprises deploying at 
5 least one gripping stent in the bellows region. The graft system may include at least 
one support stent, the method fiirther includes deploying at least one support stent 
within the second segment of the graft component to maintain the relative position of 
the first and second segments after deployment. 

In a sixth aspect, this invention is an intraluminal stent capable of expanding 

10 from a first delivery configuration to a second deployed configuration for placement 
in a vessel of a patient's vascular system, comprising: a first portion having a 
substantially circular cross-section in the deployed configuration; and a second 
portion attached to the first portion and having a substantially D-shaped cross-section 
in the deployed configuration. The second portion may be defined by a substantially 

15 flat alignment surface and a substantially curved surface which intersects the 

alignment surface along two edges and the attachment of the second portion to the 
first portion is at a first point which aligns with one of the edges and a second point 
which aligns with the other of the edges. 

In a seventh aspect, this invention is a graft system for repairing an abdominal 

20 aortic aneurysm comprising a tubular graft component having a first end portion and a 
second end portion and a middle portion extending therebetween, wherein the cross- 
sectional areas of the first and second end portions is greater than the cross-sectional 
area of the middle portion. In addition, an aortic stent may be secured to the first end 
portion of the graft component. An iliac stent may be attached to the second end 

25 portion of the graft component. An aortic stent also may be attached to the first end 
portion of the graft component and an iliac stent may be attached to the second end 
portion of the graft component. The tubular graft component further may include a 
length adjustment element. The length adjustment element may comprise a bellows 
region within the middle portion. The length adjustment element may comprise a first 

30 graft component segment and a second graft component segment, the second graft 
component segment being sized to fit within the first graft component segment in a 
telescoping arrangement such that the length of the graft component can be adjusted 
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by adjusting the relative telescopic position of the first and second segments. At least 
one gripping stent may be adapted to be deployed within the bellows region of the 
graft component. At least one support stent may be adapted to be deployed within the 
second segment of the graft component. 
5 Brief Description of the Drawings 

FIG. 1 is a diagrammatic view of a portion of a human vascular system 
depicting an abdominal aortic aneurysm which extends fi-om below the renal arteries 
and into the common iliac arteries. 

FIG. 2 is a view of the aneurysm of FIG. 1 with the legs of a first embodiment 
10 of the endo vascular graft system in their fully deployed positions with full elongation 
of the bellows region and the caudal ends near the intemal iliac branches. 

FIG. 3 is a view similar to FIG. 2 with the legs of the graft system in their 
fully deployed positions with a shortened (compressed) bellows region and the caudal 
ends farther fi*om the intemal iliac branches. 
15 FIG. 4 is a cross-sectional view taken along line 4-4 of FIG. 3 showing the 

graft system positioned in the aorta, just below the renal arteries. 

FIGS. 5a and 5b are views of the legs of the embodiment of FIG. 2 in extended 
and compressed form, respectively, with gripping stents in place showing the fully 
deployed shape of the graft system within the aneurysm. FIG. 5c is a plan view of a 
20 gripping stent. 

FIGS. 6a and 6b are a side view and a top view, respectively, of the D-O stent 
which comprises the aortic stent of one leg of the embodiment of FIG. 2. 

FIGS. 6c and 6d are a side view and a top view, respectively, of the D stent 
which comprises the aortic stent of a second leg of the embodiment of FIG. 2. 
25 FIGS. 7, 8, 9a and 9b are diagrammatic views with portions partially cut-away 

and a portion exploded to show the method of delivery and deployment of one leg of 
the graft system of FIG. 2 on the right side of the aneurysm. 

FIG. 10 is a plan view of the legs of a second embodiment of the graft system 
having a focused bellows configuration. 
30 FIGS. 1 1-13 are diagrammatic views with portions partially cut-away and a 

portion exploded to show the method of delivery and deployment of one leg of the 
embodiment of FIG. 10. 
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FIG. 14a illustrates a third embodiment of the adjustable length feature of the 
graft system showing upper and lower telescoping graft segments of each leg of the 
graft system with the graft component sectioned to illustrate the intemal stent 
structure of this embodiment. 
5 FIG. 14b shows the embodiment of FIG. 14a with the graft segments 

overlapped in a telescoping arrangement. 

FIGS. 15-19 are diagrammatic views with portions partially cut-away and a 
portion exploded to show the method of delivery and deployment of one leg of the 
graft system of the embodiment of FIGS. 14a and 14b. 
10 FIG. 20 is a cross-sectional view of the delivery system used to insert and 

deploy the graft system of the embodiment of FIG. 2. 

FIGS. 20a, 20b, and 20c are cross-sectional views taken along lines a-a, b-b, 
and c-c of FIG. 20, respectively. 

FIG. 21 is an enlarged cross-sectional view of a portion of the delivery device 
15 of FIG. 20. 

FIG. 22 is an enlarged cross-sectional view of a portion of the delivery device 
of FIG. 20. 

FIG. 23 is a cross-sectional view of the delivery system used to insert and 
deploy the graft system of the embodiment of FIG. 10. 
20 FIGS. 23a, 23b, and 23c are cross-sectional views taken along lines a-a, b-b, 

and c-c of FIG. 23. 

FIG. 24 is an enlarged cross-sectional view of a portion of the delivery system 
of FIG. 23. 

FIG. 25 is an enlarged cross-sectional view of a portion of the delivery system 
25 of FIG. 23. 

FIG. 26 is an enlarged cross-sectional view of a portion of the delivery system 
of FIG. 23. 

FIG. 27 is a cross-sectional view of the delivery system used to insert and 
deploy the graft system of the embodiment of FIG. 14. 
30 FIGS. 27a, 27b, and 27c are cross-sectional views taken along lines a-a, b-b, 

and c-c of FIG. 27. 
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FIG. 28 is an enlarged cross-sectional view of a portion of the delivery system 
of FIG. 27. 

FIG. 29 is an enlarged cross-sectional view of a portion of the delivery system 
of FIG. 27. 

5 

Description of the Preferred Embodiments 
The terms "distal" and "proximal" as used in this specification refer only to 
the delivery device of the graft system, not to the vasculature. The present method 
contemplates advancement of a catheter in a retrograde manner (i.e., against the flow 

10 of blood). Therefore, "proximal" refers to a location closer to the physician and 

"distal" refers to a location farther from the physician. The vasculature is referred to 
with respect to the cranial (closer to head) and caudal (closer to feet) directions. Also, 
as used in this specification, the term "above", in the context of relative positioning 
with respect to the aneurysm, refers to the region cranial of the aneurysm, for 

15 example, within the aorta, whereas "below" refers to the region of the vasculature 
caudal of the aneurysm, for example, within the common iliac arteries. 

Endovascular Graft Svstem 
The present invention provides a device and method for treating a variety of 

20 abdominal aortic aneurysms. In particular, the graft system may be used for treating 
aneurysms that extend close to or into the common iliac arteries. In these aneurysms 
there is not a suitable place within the aorta to seat the lower end of a simple tubular 
graft. Therefore, the graft must be able to extend into each iliac artery for suitable 
seating. By "seating" it is meant that the graft is implanted, fixed, or otherwise 

25 attached to the vasculature. 

The endovascular graft system of the present invention is a biluminal system 
which may be used to repair aneurysms in arteries which bifiircate such as the aorta 
which bifiircates at the aortoiliac junction. The graft system comprises two legs, each 
defining a lumen. Each leg comprises an aortic stent, a graft component and an iliac 

30 stent. The graft component is affixed at one end to the aortic stent and at the other 
end to the iliac stent. Each leg of the graft system is preferably a mirror image of the 
other with the exception of the aortic stents. As will be seen in the drawing figures. 
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the aortic stent of the leg oriented in the right side of the aorta (with respect to the 
patient) is referred to as a D-O stent whereas the leg on the left side has an aortic stent 
which is referred to as a D stent. Although a particular orientation of the legs within 
the aorta is illustrated in the drawing figures it should be understood that no particular 
5 orientation within the aorta is required, it being necessary only that the graft system be 
properly positioned with respect to the renal arteries and iliac arteries as discussed in 
more detail hereafter and that the aortic stents be properly aligned with respect to each 
other. 

Preferably, the graft component of each leg includes a means for allowing in 
10 situ adjustment of the length of the leg to accommodate the different sizes required for 
different patients. This allows for a standard sized graft system (or at least fewer graft 
sizes) to be used which will accommodate a variety of patients. Thus, the physician is 
3 not required to inventory multiple sizes nor is the physician required to rely on 

2 measurements taken of the patients vascular system to select a particular graft size 

n 15 which may turn out to be incorrect. Several embodiments of the means for adjusting 

n the length of the legs are disclosed. These embodiments include what are described as 

^ a bellows configuration, a focused bellows configuration and telescoping graft 

segment configuration. Each of these configurations is discussed in more detail 
n hereafter. 

^ 20 FIG. 1 depicts an aneurysm A in the infrarenal aorta and extending into the 

□ common iliac arteries. The infrarenal aorta is that portion of the aorta disposed 

between the left and right renal arteries RA and the common iliac arteries B which 
branch left and right. Because bilateral symmetry is shown in the Figures, no 
distinction is made between elements introduced on the left or the right of the 
25 patient's vasculature. Each common iliac artery branches into intemal and external 

iliac arteries, D and C respectively. External iliac artery C becomes the femoral artery 
below the inguinal ligament. Intemal iliac artery D is also known as the hypogastric 
artery. 

FIG. 2 illustrates a first embodiment of the adjustable graft system of this 
30 invention shown deployed within aortic aneurysm A. O-shaped portion 10 of aortic 
stent 5 of leg 20 may be positioned in neck N of the aorta in a manner which overlaps 
the renal arteries, as shown. Alternatively, the top of O-shaped portion 10 may be 
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positioned just below the renal arteries if the neck N of the aorta is sufficiently long to 
allow the stent to be securely affixed in that location. Legs 20 and 30 of the biluminal 
graft system join together in abutting relationship just below O-shaped portion 10 to 
form a circular shape within the lumen of the aorta as will be discussed in more detail 
5 hereafter. Bellows regions 25 and 35 are adjustable during deployment of legs 20 and 
30 and held in place by gripping stents (not shown) which are described in detail 
hereafter. Bellows or mid regions 25 and 35 lie between upper aortic stent attachment 
regions and lower iliac stent attachment regions of graft components 40 and 41, 
respectively. Legs 20 and 30 extend from the aorta into the common iliac arteries B 

10 wherein iliac stents 22 and 32, respectively, are affixed to the arterial wall above (i.e., 
cranial to) the junction of the external and internal iliac arteries, C and D. The stents 
may be affixed by means of friction created after the stents have expanded radially 
outwardly, although barbs, hooks, or the like, present on the stents, are preferred 
means of attachment. Additionally, the stents and graft components attached to each 

1 5 other, preferably by means of sutures. 

FIG. 3 illustrates the extendible graft system of FIG. 2 deployed within an 
aortic aneurysm A which does not extend as extensively into common iliac arteries B. 
Thus, iliac stents 22 and 32 are positioned at a location which is considerably cranial 
with respect to their position in FIG. 2. As such, bellows regions 25 and 35 are 

20 compressed compared to bellows regions 25 and 35 shown in FIG. 2. As in FIG. 2, 
O-shaped portion 10 of aortic stent 5 is positioned overlapping the renal arteries. 

FIG. 4 is a cross-section taken along line 4-4 of FIG. 3. The D-shaped portion 
42 of aortic stent 5 of leg 20 is shown aligned with D stent 48 of leg 30. D-shaped 
portion 42 aligns with D stent 48 along alignment surfaces 49 and 50. D-shaped 

25 portion 42 is surroimded by graft material 40 and D stent 48 is surrovmded by graft 
material 41, forming a seal between legs 20 and 30 and the aorta. 

The generally circular shape formed by the two "D" shapes of the stents serve 
to seal off the aneurysm from blood flow, thus directing all blood flow into the two 
lumens of the grafts. For an infrarenal aneurysm, the upper end of the graft 40 of each 

30 leg may be positioned as close as possible to the lowest renal artery, as depicted in 
FIG. 2. This maximizes the overlap between graft material and upper aortic neck, 
assuring a good seal within the artery. 
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Configuration of Legs of Graft System 
The overall configuration of legs 20 and 30 of the embodiment of FIG. 2 of the 
graft system can be best understood with respect to FIGS. 5a and 5b where the graft 
5 components are shown in section to better illustrate the configm-ation of the stent 

structure. FIG. 5a shows legs 20 and 30 in a more expanded configuration while FIG. 
5b shows the legs in a less expanded configuration. Either of these configurations or 
modifications thereof could be used depending on the anatomy of the patient. 

Leg 20 includes aortic stent 5 (D-O stent) with O-shaped portion 10 and D- 
10 shaped portion 42. D-shaped portion 42 is surroimded by graft component 40 which 
is fixed to the stent, preferably by sutures. The graft material which covers D-shaped 
portion 42 forms a D-shaped lumen. As the graft component 40 extends away from 
(below) D-shaped portion 42 the graft material tapers inwardly from the aortic region 
to a mid region or bellows region of graft component 40. The mid region of graft 
1 5 component 40 has a substantially circular cross-section, the diameter of which is 

preferably uniform. Near the caudal end of the leg the diameter preferably increases 
along another transition region to an iliac region of the graft component which is fixed 
over the iliac stent 22, preferably by sutures. 

One or more gripping stents 46 are positioned between the aortic stent 5 and 
20 iliac stent 22 to secure the bellows region of the graft component in place after the 
length of the leg has been properly adjusted as will be discussed in more detail 
hereafter. 

The location and configuration of the components of leg 30 are similar to that 
discussed with respect to leg 20. Specifically, aortic stent 48 is affixed to graft 
25 component 41, preferably by sutures. A series of gripping stents 56 is located in a 
mid region between aortic stent 48 and iliac stent 23. 



Graft Component 

Graft components 40 and 41 of legs 20 and 30 may be made of materials 
30 which include woven and knitted materials comprising polyester, 

polytetrafluoroethylene (PTFE), silicones, and urethanes. The materials may be 
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porous or nonporous and may be opaque to X-rays. Preferred materials include 
polyester fabric, for example DACRON®, TEFLON®, or other suitable fabric. 

A preferred fabric for use in the graft component is a 40 denier polyester yam, 
having 180 to 250 end yams per inch per face and 80 to 120 pick yams per inch per 
5 face. At this weave density, the graft component is relatively impermeable to blood 
flow through the wall, but yet is relatively thin, ranging between 0.08 and 0.12 mm 
wall thickness. Preferably, the grafts are woven as tubes with appropriate tapers 
formed directly on the loom. However, desired dimensions for different regions of 
the graft component can also be achieved with suture lines or stitching of a flat fabric, 

10 or stitching a tubular fabric of an initial uniform perimeter equal to the desired 
perimeter of the aortic portion. 

The graft component of each leg has a generally tubular shape. In a first 
embodiment shown in FIGS. 2 and 3, at least a portion of the graft component has a 
bellows mid region. The bellows or mid region is capable of extending and 

15 compressing longitudinally in response to any movement of the ends of the graft 

component. In a second embodiment discussed in connection with FIGS. 10-14 the 
bellows are focused more closely to the aortic portion of the graft component. In a 
third embodiment discussed later with respect to FIGS. 14-19 the graft component of 
each leg comprises at least two tubular overlapping or telescoping segments. One 

20 segment's diameter may be slightly larger than the other, such that a sealing fit is 

obtained in the overlapping region. All of these embodiments result in a graft system 
that allows the physician to adjust the length of the graft system in situ during the 
procedure. 

In the first and second embodiments the bellows region is formed by placing 
25 the graft component in the fiiUy elongate configuration on a mandrel containing a 
spiral shaped groove. A malleable wire, (e.g., copper) is woxmd around the graft, 
forcing the graft material to conform to the groove in the mandrel. The grooves are 
smaller than the graft material. The graft material is heat-set in an oven below the 
melting temperature of the graft material. Once removed fi-om the mandrel, the 
30 bellows are set allowing the length of the graft component to be longitudinally 

adjustable during deployment by the physician by adjusting the position of the iliac 
region of the graft component. For example, a polyester graft component with heat 
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::rrrg:tLof.eaor.a«erthe.rocedure.0.erah^^^^^^ 
, K amftofthisdimensionprefcrablytaperstoaumform diameter 

ofahout 1 cm, a graft of ^ ,„„^„nt then 

r:p::rr:irLofaboutl2.o.mmin.elowersteutatt..unent 

region. 

Stents 

" E— «=rr^— ^^^^^^^ 
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transformation at physiological temperatures. A stent made of this material is 
deformable when chilled. Thus, at low temperatures (e.g., below 20°C), the stent is 
compressed so it can be delivered to the desired location. The stent is kept at low 
temperatures by circulating chilled saline solution. The stent expands when the 
5 chilled saline is removed and it is exposed to higher temperatures, e.g., 37°C. 

Preferably, the stent is fabricated from a single piece of alloy tubing. The 
tubing is laser cut, shape-set by placing the tubing on a mandrel, heat-set to its desired 
expanded shape and size (e.g., D-O shape or D-shape) and electropolished. 
Electropolishing smoothes the surface of the alloy, which is believed to improve 

10 fatigue properties as well as extend the strain-to-fracture and also improves 

thrombogenicity resistance. Preferably, the shape setting is performed at 550°C for 
approximately 20 minutes, followed by aging at 470°C for 10 minutes. This heat 
treatment process provides for a stent that has a martensite to austenite transformation 
temperature range of less than 15 Celsius degrees, and an austenite finish temperature 

1 5 (Af) of slightly less than 37°C. 

Aortic Stent 

As previously discussed, each leg 20 and 30 of the graft system includes an 
aortic stent. The aortic stents are shown in detail in FIGS. 6a-6d. Although discussed 

20 in particular with respect to legs 20 and 30 of the first embodiment the aortic stents of 
the other embodiments are similar and this discussion is applicable to those 
embodiments as well. 

Stent 5 of leg 20 consists of an upper O-shaped portion 10 and a lower 
D-shaped portion 42. This stent consisting of the upper and lower portion is also 

25 referred to as the D-O stent. Stent 5 includes struts 43, shown in FIG. 6a, which are 
used to attach the "D"-shaped portion 42 of the stent to the "0"-shaped portion 10. It 
is preferred that only a few struts are used to effect the attachment, rather than every 
possible strut, as this facilitates uniform expansion of the upper circular portion of the 
D-O stent during deployment. For example, only the two struts at opposite ends of 

30 the alignment surface 49 (FIG. 4) may be attached. 

Upper portion 10 of the aortic stent is sized to fit the aorta. For example, for a 
28 mm aorta, the stent diameter should be about 30 mm. Upper portion 10 is 
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J • ui» "oversize" the stent to assure 
■ 1 ^v, Tt tvnicallv is desirable to oversiitc 
approximately 2 cm m leng*. « W-caUy 

preferred. Upper poraon f .v, ^..„r. faster with an exposed stent, 

Tt is also expected that tissue ingrowth occurs faster wun f 

,„ U,e wall of U>e vessel, preventing caudal mig«tion ofleg 30. 



Tliac stents 



Tac stent, arc at^chcd at the lower end of the graft component, a. shown 
r d b Similariliacstentaarensedintheotherembodimentsdtscloscd 
,0 FlGS.5aand5b ^"^^^ ^^^^ The lower end (caudal) of the stent is 



herein. Preferably, attachment is via sutures. 



,.,„.dclosetotheintcr„aliliaca«ery„^.c.^g^ 
with the stent. As the intermd ihac ts a srgntficant vessel, tt 
coveringtheostimnoffhevessclwithastcntorgraftmatenal. 

„ Typically the si.c of the iliac stents ranges flom about 12 to about 16 mm^ 

25 Typtcally. ,3,,er than the estimated size ofthe iliac artery by 

T:rr;«r:t::^lcess.amateHa,coveHngthestent.sf„l« 

:::el™ti::Ls.entand.hc.liacarter,afterdcp,oyment.™sis 

--^::^::::y:— r::::oo.s,or.^ 

further secure the iliac stent to the wall of the vessel. 
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elonga«onof*ebeUow.region,oncett>ebeUo«shavebeenco,npressed. 
"""xop«ven.u„.es.aMe.e„«ome^ftco.po„e„.on«^^^^^^^^^^^ 

. . 46 are deployed within the bellows region as seen m FIGS. 5a and 5b. 

g„pp„g stents 46 are d^loy , elongation of .he bellows region due 

ZJoy^ i— ely following the deployment of the iliac stent fo each leg. 
0 Hy sLll "snaHng- of the bellows is elintinated once .he gripping stents are 

deployed. 

DeliveDLSystmand^^ 
Ptnhndiment 
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:^achlegof.be.a.sys.e.occnrsvUthedeliverysys.en,sho^^ 

• „Wirh the delivery system is used and the method of 
• cTr-c 90 12 The maimer m which the oeiivciy s>o 

'Xgrieg 20 of the gra« systen, is iUns^ated n, PICS. 7-9. The fenro^ artery 
nlwiJthethigbbyanarterialincision Where the vesseliscloseU,the 

T f , of the skin A guide wire is firs, endolmninally placed, usmg 
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as the renal artenes. 

Tl,e delivery system comprises mam sheath 120. xrmer cat 

u 1 ns Main sheath 120 covers graft 40 and stents 22 (ihac) and t> 
gripping stent sheath 108. Mam sheath 
(aortic).n compressed configuration. Mamsh^^ 2^^^^^^^ 
walled PTFE, having a thickness of approxmiately .003 to .010 m 

^"ericmaterialssuchaspolyethyleneor composite s^^^^^^ 
oiLyalsoheused.Thema.nsheathd.ameterisintherangeofa^^^^^^^^^^^^ 

P^ench. Handle 102.scormectedtoirmerca.eterm 
...allumenl^c^.^^^^^ 

:::r.st.f.esstrans.onhet.e..^^^^^^^^^^ 

«iffer loaded main sheath 120 is provided by bulb 132 as well as by 
e^rfle.ea.he.erp.iec«n.dis.ally.on,b„lbl32. Thissli^ess — 

l::.e,oadeddelive.sysle.lobe.™.e.^u.— 

e„dsol^pU-.a«i„dividu.b_12.whi^help — .be 

position of *e gripping slenls when *e gripping s.en. sheatt> ,s ..^v«l^ 

AS best seen in FIG. 22, proximal of the most proxmal gnppmg stent 
= ..„„d" area 122 on the gripping stent sheath. In this area the iliae stent 22 .s 

!■ TFlerproriL,ottheiliaestent,*egrippingstentsheathbecomesdual 
■-"^■'"t /tirm allowing for oontrastdelivery to facilitate iocat^ 

rr::;;gstentsheatha„dimterca.heterwtl,changeand,therefore.more.ba„ 
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'^'^Ld.e lOZ is located a. ,h. p»xin,a, end of ^e gripping sten, shead, lOS. 

. A ir^npr ratheter 100 and permits manipulation of inner 
Handle 102 is connected to inner cameier luu mi h 

!a:riOOandn.oven,en.of*egnpping.en.s.eaU.re,adveto.heinnerc^^^^^^^^ 
Htdlel0.i„clude.asUdingponionl0.connec.ed.od>egripplngs.en.sh^^^^^^ 

path d,a. sliding po«ion .a.es is ".gzagged" .0 pe^i. one ^PP-^ 
aeployedalatin-e. tajec.ionpo«sll2a„dll4are,no„n.edonsUde,«.06. 

xlugit dtese pons are injected radiographic contrast solunon and cold sal ne, 
lively. Which flow thn>ugh the ntain sheath. cold saline ntay ex.t ^nt an 
Xatth craniaiendofntainsheath 120. and/or ^ntKo,esl50.n,na.nsh..h 

no The cold saline infl^ion .eeps al, of Ute stents cold until ^ are deploy«l^ 
Holes 1 52 in the gripping sheath beneath the iUac stent keep the iUac stent c^ll«l, ^ 
rlrgdistaltoredistalendofthegrtppingstentsh^andintod^edts^endof 

rrainsheath^eepthegrippingstentsandtheaorticstentcMllednntt^eyare 
deployed The chilled saline ke^s each ofthe stents in a martenstttc phase, 
Ilig«ctionhetweenthestentsandshea.hsfor.a3iershea.hretrac.,o.dun^ 

'"'°"::;icsten.5a„dgrippingstents46are.oun.edahouti„nercathe.erlOO.^ 

, Oripping stent shead. 108 holds ^pping stents 46 and runs through the ntstde of ,^ 
' '*'PP"8 . ,t„,rtfo, delivery. At the distal end of gripping stent 

stent 22 when the system is packaged for delivery 

„.!,„ h„ttress 125 mounted on inner catheter 100. It aouts 

sheath 108 there is another buttress izj muui 

iigstentsheathlOSandactstomaintainthepositionofaorticstentSdimngits 

, '"'"TLp.ximalendofmainsheathnOisthreadedswivelUS. Threaded 

swivel llSengageswiththreadsliaontheoutersurfaceofgrippingJ^t*^^^^^ 
,08 Rotation of threaded swivel 1 18 co„«ollably withdraws main sheaUi 120 rel^ive 

0 griling stent sheath 108 »d inner cadieter 100 during deployment of die aortic 
:rcLlcontroUedde.iveryofUieaorticstentisimportantto.s.^iU 

1 ocation. This rotationondtedireadsprovidesthiscontrolled withdrawal ofthe 
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One leg of the graft system is positioned by advancing the dehvery system 
over the guide wire, deploying the aortic stent, withdrawing the main sheath to expose 
all but the iliac stent, positioning the iliac stent, deploying the iliac stent, advancing 
the gripping stent delivery catheter, and deploying a sufficient number of gripping 
5 stents to fully stent the expanded section. 

During deployment of the first leg of the graft system, the upper O-shaped 
portion 10 of the aortic stent serves to position "D"-shaped portion 42 to one side of 
the aorta, and makes room for the second leg to be positioned adjacent the first (i.e., 
the flat faces or alignment surfaces of the D-shape facing each other). O-shaped 

10 portion 10 also serves to anchor the first leg of the graft system to the aorta. To 

facilitate uniform expansion of the upper O-shaped circular portion of the D-O stent 
during deployment, it is desirable to limit the number of struts that are attached 
between the upper portion and the lower D-shaped portion. This is shown in greater 
detail in FIG. 6a, which shows struts 43 attaching the upper and lower regions of the 

1 5 stent on each side. Importantly, during deployment of either leg of the graft system, 
the aorta is never totally occluded. Therefore, there is never a stagnation pressure 
acting on the upper end of either leg during deployment. As seen in FIGS. 7-9, during 
deployment of leg 20, blood represented by arrow 1 1 can continue to fi-eely flow 
within the aorta. This facilitates accurately positioning the aortic stents of both legs 

20 since no significant pressures are encountered which would tend to force the legs in a 
caudal direction during their deployment. 

The deployment of leg 20 of the graft system is illustrated in FIGS. 7-9. The 
delivery system is advanced over the guide wire until the O-shaped portion 10 of 
aortic stent 5 is in proper position. Typically, the upper edge of the graft material is 

25 just below the lowest renal artery. Angiography is used to identify the renal arteries 
before deployment of the aortic stent. One or more radiopaque markers (not shown) 
positioned along the upper edge of the graft component are attached during 
manufacture. Additional radiopaque markers are placed along the upper edge of the 
alignment surfaces of the graft components attached to the D-shaped portion of aortic 

30 stent 5 and the D-stent to permit rotational alignment of the legs. To deploy aortic 
stent 5, inner catheter 100 and gripping stent sheath 108 are grasped via handle 102 
and their positions maintained while main sheath 120 is withdrawn by turning 
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1 92 This position is illustrated in FIG. 7, whicti snows 
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T^e position ot main .hea* 120 is maintained wln.e gripping shea* .08 

order to propeuyp h„i„ are orovided tlirouglt the 

138 is ptovided through gripping stent sheath 108. Holes are pro 

Tstent sheath and the main sheath allowing the contra. Autd to exrt me 
:::"enthecon.rastflnidisdet..edh,.heph,sieian.~^ 

gnpprng stent sheatn luo, lie , .v, ion ptg 8 illustrates 

f il^«c stent 22 during withdrawal of main sheath 120. FIG. 8 Ulustra 

::::^;:;r:a«-s.ent:.is«naistageo.de,i.^ 

^pping I. Sheath IDS are now moved np (i.e., in the cramal dtrectton^ 

L 20 is now deployed. The bellows region has been eompressed or 

the bellows region. As gnpping stents 46 have been aa . . ^ 

Tt adv Jmen. of the iliac stent to its proper position, the grrpptng s 
Ically need to be withdrawn to get to their proper posi«on pnor to deployment. 
^ nl^iUustratesthe^pph-gstentsandsheathaftertheyhavebeenmo^^^ 

J 1 in cieauence by manipulating sliding portion 
;0 eaudally. Gripping «ents are deployed m " ^ , 
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component between the aortic and iliac stents. Extra gripping stents not needed are 
not deployed and are removed when the delivery device is removed. The gripping 
stents thus serve to straighten the bellows region of the graft, and to prevent them 
from further elongation after deployment of the system. Some space between adjacent 
5 gripping stents allows the graft to bend and accommodate any tortuosity within the 
vascular system. In this manner the gripping stents impart kink resistance to the graft. 
FIG. 9b shows the fiiUy deployed gripping stents after gripping stent sheath 108 has 
been fiiUy retracted. 

Deployment of the second leg of the system is done in nearly the same manner 

10 as the first leg. The aortic stent 48 of leg 30 is identical to the lower D-shaped portion 
42 of aortic stent 5 of leg 20. In deploying aortic stent 48, a radiopaque marker 
designating the flat face or alignment surface 50 (FIG. 4) of the stent is rotationally 
aligned with a similar marker on the alignment surface 49 of the D-shaped portion 42 
of previously installed D-O stent 5. In this fashion, the flat faces of the adjacent aortic 

15 stents will properly face each other, assuring a proper orientation of both legs of the 
system, as illustrated in FIGS. 2, 3, and 4. 

The second leg of the system is installed in the same manner as the first. This 
includes advancing the system over a pre-advanced guide wire, deploying the aortic 
stent, withdrawing the main sheath to expose all but the iliac stent, positioning the 

20 iliac stent, deploying the iliac stent, advancing the gripping stent delivery catheter, 
and deploying enough gripping stents to fiiUy stent the bellowed portion of leg 30. 

Focused Bellows Embodiment 

A second embodiment of the graft system which is a variation on the bellows 

25 concept previously discussed is disclosed in FIGS. 10-13. The structure of this 

embodiment is nearly the same as the first embodiment with the exception of the way 
the legs are stented in the mid region to achieve a concentration or focusing of the 
bellows at the upper portion of the mid region. With reference to FIG. 10 the graft 
system of this embodiment comprises two legs 320 and 330. Leg 320 includes aortic 

30 stent 305 having an O-shaped upper portion 310 and a D-shaped lower portion 342 
which together define a D-O stent which is similar in configuration to aortic stent 5. 
Graft component 340 is attached to D-shaped portion 342, preferably by sutures. 
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..rfir ^tent reeion surrounding D-shaped portion 
^+ lAn tnners from an aortic stent regiun 
Graft component 340 tapers iromai Thp sizes of the 

vaHous co^ponen^ are ..nilar .o .hose di.,^ ^ — ««, leg 20 of «^ 
K . „,™, Near the caudal or lower end of the graft coroponent 340 the 
, rr::::—. .ongatranstaonareatoa^... 

„gionwhichUaffixedtomacsten,322,preterablyby.utares. 

,rtthepreviou.beUowsemhodiment,the^componentwasbellowedalong 

id re^onofthe graft eompon-t, any lengtt. adjustment ..ecessatydunng 

remainine portion oi the gran 

T^e concentrated or focused bellow, .e held in place by a .ec.a, . Went 
350wMch..uh.eda.U.upperendatpoints35.«>the^n,atenal-^^^^^^ 

. 1A0 The mid-stent 350 is formed of a shape 

.0 .ransitionftomD-shapedpornon34X ^^^L portion of the stent may have 
memory alloy aspreviouslydeson^ed. The, w^^^^ 

multiple rearward factng prongs 352 (i.e.. ma cram , ^. p„f„ably these 

engage the bellows and fix their position when tiie stent ts deployed. Preferably t 
X !e smooth enough no. to fray or puncture the graft materia, but are s«o„g 
, :::;:engagethefoldsofthehe,lowstopreven,thetendencytoelongatec.sed 

^^"r::;r:n3,0areprovidedhetwee„..-- 

3.ent322 Theses„pportsten.sprovider^.alsuppo„.opreven.Hnlch,gor collapse 

3„ ""C— lar.oleg320exceptthataorticstent34Sisr>-shap^^^^^^^^^^ 
withthrc:nfiguratio„0fO.shapcdport,on342of.^s^^^^^ 
relationship of aortic stents 305 and 348 ,s s.mrlar to that discussed w, 
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aortic stents 5 and 48 of the bellows embodiment. Leg 330 further comprises a graft 
component 341, a mid-stent 360 sutured at points 361 to graft components 341 and 
having prongs 362, support stents 380 and an iliac stent 323, all of which are similar 
to their corresponding components of leg 320. 
5 The delivery system for this embodiment is similar to the delivery system for 

the bellows embodiment with some exceptions which will be discussed below. The 
delivery system is shown in FIGS. 23-26. The delivery system comprises main sheath 
420, inner catheter 400, and mid-stent sheath 408. Mid-stent sheath 408 extends 
distally and terminates such that it covers only the lower or proximal portion of the 

10 mid-stent. Since in this embodiment, the mid-stent 350 is attached to the graft 

component 340 and its position must always stay fixed relative to aortic stent 305 and 
the upper end of the graft component, the catheter/delivery device component that 
moves the iliac stent into position must not move the mid-stent. For this reason, the 
iliac stent cannot be mounted about the mid-stent sheath. In this embodiment, the 

1 5 mid-stent sheath 408 runs beneath the iliac stent, but does not engage the iliac stent. 
Thus, the iliac stent can be moved axially along the mid-stent sleeve so that it can be 
positioned properly for deployment. A lumen 439 is formed between inner catheter 
400 and mid-stent sheath 408. Lumen 439 provides a path for cold saline. 

An iliac stent buttress sleeve 490 runs over the mid-stent sleeve 408 and abuts 

20 the lower end of iliac stent 322. During iliac stent positioning the iliac stent buttress 
sleeve is advanced cranially until the iliac stent is in proper position relative to the 
aneurysm and the internal iliac branch. The iliac stent buttress sleeve has a lumen, 
438 which provides a path for contrast fluid. The contrast lumen exits through hole 
454 of iliac stent buttress 470 and through holes 450 in the main sheath. 

25 Handle 402 is connected to inner catheter 400. Inner catheter 400 has a central 

lumen 436 capable of receiving a guide wire. Inner catheter 100 has a distal end 
which provides a gradual diameter transition between the guide wire and main sheath 
420. Solid bulb 432 forms the catheter tip. A stiffness transition between the 
relatively flexible guide wire and the stiffer main sheath 420 is provided by bulb 432 

30 as well as by some length (e.g., 2 cm) of the inner catheter projecting distally from 
bulb 432. This stiffiiess transition allows for the loaded delivery system to be 
advanced through a tortuous path, often encountered in severe aneurysms. 



25 




Handle 402 permits manipulation of inner catheter 400 and movement of the 
mid-stent sheath relative to the inner catheter. Handle 402 includes a sliding portion 
406 connected to the mid-stent sheath 408. The path that the sliding portion takes is 
"zigzagged" to permit one support stent 370 to be deployed at a time. Injection ports 
5 412 and 414 are mounted on handle 402. Through these ports are injected 

radiographic contrast solution and cold saline, respectively, which flow through the 
main sheath. The solutions may exit from an orifice at the cranial end of main sheath 
420 and/or from holes 450 in main sheath 420. The cold saline infiision keeps all of 
the stents cold until they are deployed. Hole 454 in iliac stent buttress 470 provides a 

10 path for a contreist solution over the iliac stent. The chilled saline keeps each of the 
stents in a martensitic phase, minimizing friction between the stents and sheaths for 
easier sheath retraction during deployment. 

At the proximal end of main sheath 420 is threaded swivel 418. Threaded 
swivel 418 engages with threads 416 on the outer surface of mid-stent sheath 408. 

15 Rotation of threaded swivel 418 controllably withdraws main sheath 420 relative to 
mid-stent sheath 408 and inner catheter 400 during deployment of the aortic and iliac 
stent. 

The first leg 320 of the system with the D-O stent 305 is delivered first, in a 
manner similar to the previous bellows embodiment. Conventional angiography is 

20 used to locate the renal arteries and the delivery system is advanced over a previously 
placed guide wire until the upper end of the leg 320 is in the desired position relative 
to the renal arteries. The main sheath is then withdrawn, allowing the D-stent to 
expand. As in the other embodiments, the O-shaped portion 310 of the aortic stent 5 
may be placed across the renal arteries. If the upper neck of the aneurysm is long 

25 enough, the entire D-O stent can be positioned below the renal arteries. 

The method of delivery of the grafl; system can best be imderstood with 
reference to FIGS. 11-13. In FIG. 1 1 aortic stent 305 has been deployed in an 
appropriate position with O-shaped portion 310 located across the renal arteries. The 
main sheath 420 is withdrawn until the caudal end of the mid-stent 350 has been 

30 reached. At this position, a portion of mid-stent 350 has been expanded. At this point 
in the deployment procedure the iliac stent buttress sheath 490 is advanced cranially 
until the iliac stent 322 is in a desired position relative to the aneurysm and internal 
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. . fT^TGS llandU). Contrast injection through the iliac stent 
iliac branch (see insert of FIGS. 11 and ^ ^^^^ ^^vanced, the bellows 

..«.essshea.faciUtatesthisposition.n.-^^^^^^ 
of the graft begin to stack-up over the mid-stent, once th 

distal end of the main sheath. ^^^^^^^^ 
once the iliac stent is in P"^; 7^^^^ of the mid- 

,y manipulating sliding portion 406 of handle ^^^^ ^^^^^^^^ 

i«FTG 12 Once the mid-stent IS fully expanac , 

,0 (nG.13). Ev»*o«ihaport,o„of,he^o P ^^^^ ^ i„„,aed in me 

with the delivery device. ^^ployed 
XUe «cona le, 330 of * ^^^^^^ „^ „, ,ae of .he 

U .he s»e as described above wi* respee. .o leg 320. 

IdSsaEmaiSiaiS^ ,,f„n„»imadj»sB.ea.ofteleg.of*egraft 

A ted embodiment allowmg form ..wad) ,ft,y„emhas 
. „f^<! 14-19 In this embodiment each leg of uie gran , 

::rire:;a::::ni».ehf.t.oge.e.teiesco.ica^^^ 

30 longitudinal length adjustment. « ,vstem having legs 570 and 575. 

Leg 570 compnses upper graft segmem 
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,o„er ^ft se^en. of each leg .es.gae<, .uchO-aU. S^^^^ 

^ upper graft .^en. ia ^.^^^ „f .ecUons ,e.a.We 

,,,„.e..ep,o,e.-« 

- one anomer a« mam^n^i y J ^ ^^^^^ ^ 

'''"^":!^eDZe.porUo„of..eao«ic..n..™s.gio,,n,ayhe 
aortic region surroundmg the Dshap , ^ers do«n over a length of 

^proxintateiy 2 cm long. Tire graft conrponen, ^'^^J ^ 

.cnr.oa.i.r..i»et.^^^^^^ 
diameter of approximately 10 n». and a len^ PP^ ^ ^ ^ 

g^aft segment has amid region ^^^^^^l^^^ ^ ,^Uinn length 

:::rr:;«»--er..chisapprox^.- 

, Wi.hthi,c„n«gnra«on.the — -.^^ 

,,3,3.„,.hichoccnrs.h.^th gm»^^ 

When the segments are mstalledmtheul g i„ately20cm. 

^.emidregionsshonldoverlapyieMingatota^^^ J^^^^^^^^^^^ 

Mthongh this embodiment .s - ^ ^^^^^^ ^ „f 

M appreciated that additional sepnents could be utth^ 

tt,e telescoping graft. ,^p,ished via the delivery system 

The deployment of this graft syst 
.howninFlGS.2,-a,. Asinthepre^usemb— J^^^ 

— saninnercatheter.OO«..b.a^^^^^^ 
25 a 0.035 or 0.038 inch gu>dc wre. Both the upp ^ 
,e,are loadedintotbedehve^ system^— 

--"'"""rri::: : ----em. Preferah,y,thesegraft 
::«ooverlaphe™eenftrem..emainsheath..^ 

30 these graft segments. which serves the 
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dunng deployment ^ ^ ^i^meter 

p., proximal ,o *e upper graft segment- T^s 

"""°"":CnXaft"^en.once«>euppergra«segmen.Ha..een 

rrra^neiow^^^^ 

^^"::t.en.n«e.a,0.smo..eaa.o.*e^er.U^,^.^^^ 

— r:r— ^^^^^^^ 

.heamUwiUrdrawnftomte lower graft segment ^he 
The inner cameterhasadnallumenprox-malome^a^s ^^^ 

3 seeo„dlnmen«.p.videsapa.foreo,ds..— -^^^^^^ 

nsedroreon.r.,deUver,.oloea.e.^e«.^-^^ 

seal rings 662 surround the ex« 654 01 ^„ sheath. In this embodiment, 

-"rr:rnr::ri:::-:atapredeterm.ned.^^^^^ 

rilterrrt^dcontrastlnnrenatthethneoriliacste.^ 

graft segment positioning. ^^1 to the main sheath to allow 

• • -lor to those ofthe previous embodiments. 
25 system IS similar to those CI uiop ;„wd between the iimer 

P,OS.15-19illustra.ethedeploymentofthetele^opmg g 

.nlamre FIO. 15 illustrates the placement of the delivery 
30 the human vasculature, r, shaoed portion 510 is in position and 

distal bulb 632 at the cranial end of the aorta. O-shaped p 



29 




the right leg of the graft system is in position. Main sheath 620 is partially retracted 
and graft component 540 is deploying into its expanded position. 

Main sheath 620 is fiirther withdrawn in FIG. 16, showing the upper graft 
segment 566 deployed. Since main sheath 620 covers support stents 526 its retraction 
5 causes them to expand. A plurality of support stents 526 are pre-loaded in the 
delivery catheter. Each is pre-attached to either the upper or lower graft segment 
depending on its location. In between the support stents there may be support stent 
buttresses to maintain the correct position of the support stents during deployment. 
The end of main sheath 620 is atop secondary bulb 660 which provides a smooth 
10 transition allowing main sheath 620 to be re-advanced smoothly into the upper graft 
segment. 

After deployment of upper graft segment 566, the entire delivery system is 
advanced cranially xmtil the iliac stent 522 is in proper position relative to the internal 
iliac artery, as shown in FIG. 17. Injection of radiographic contrast solution aids in 

15 positioning the iliac stent. After positioning of iliac stent 522, main sheath 620 is 
fiirther withdrawn, allowing the lower graft segment to deploy within the upper 
segment as shown in FIG. 18. FIG. 19 shows leg 570 fiiUy deployed and main sheath 
620 being removed through the external iliac artery. 

The second leg of the graft system is identical to the first leg except with 

20 respect to the aortic stent and is deployed in a similar manner once the aortic stents are 
properly aligned with one another in a manner similar to that described with respect to 
the other embodiments. 
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